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Abstract
Background:  Recent data indicate increasing rates of adult obesity and mortality from
cardiovascular disease (CVD) in Greece. No data, however, are available on prevalence of
overweight and obesity in relation to CVD risk factors among young adults in Greece.
Methods: A total of 989 third-year medical students (527 men, 462 women), aged 22 ± 2 years,
were recruited from the University of Crete during the period 1989–2001. Anthropometric
measures and blood chemistries were obtained. The relationships between obesity indices (body
mass index [BMI], waist circumference [WC], waist-to-hip ratio [WHpR], waist-to-height ratio
[WHtR]) and CVD risk factor variables (blood pressure, glucose, serum lipoproteins) were
investigated.
Results: Approximately 40% of men and 23% of women had BMI ≥ 25.0 kg/m2. Central obesity
was found in 33.4% (average percentage corresponding to WC ≥ 90 cm, WHpR ≥ 0.9 and WHtR
≥ 50.0) of male and 21.7% (using WC ≥ 80 cm, WHpR ≥ 0.8, WHtR ≥ 50.0) of female students.
Subjects above the obesity indices cut-offs had significantly higher values of CVD risk factor
variables. BMI was the strongest predictor of hypertension. WHtR in men and WC in women were
the most important indicators of dyslipidaemia.
Conclusion: A substantial proportion of Greek medical students were overweight or obese,
obesity status being related to the presence of hypertension and dyslipidaemia. Simple
anthropometric indices can be used to identify these CVD risk factors. Our results underscore the
need to implement health promotion programmes and perform large-scale epidemiological studies
within the general Greek young adult population.
Background
Overweight and obesity are recognized as an "escalating
epidemic" affecting both developed and developing coun-
tries [1,2]. Obesity and its associated morbidities are lead-
ing causes of cardiovascular disease (CVD), type-2
diabetes, some types of cancer and several other health
problems [3]. Recent data show that mortality from CVD
is increasing in Greece, in contrast to trends observed in
northern Europe and the USA [4,5]. Age-adjusted ischae-
mic heart disease mortality in men aged 45–74 years al-
most doubled from 1956 to 1978 and the prevalence of
myocardial infarction per 100.000 adults aged 30–69
years increased from 230 in 1981 to 349 in 1988 [5]. This
unfavourable trend is partially attributed to increased
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prevalence of obesity as indicated by existing literature
[6,7]. Adult obesity levels in Greece are the second highest
in Europe, exceeding 25% for men and 35% for women
[8].
The childhood roots of adult obesity and also CVD are
widely recognized and associated with calls for health
promotion targeted at youth [9–11]. Recent studies have
indicated the presence of increasing trends in overweight
and obesity among children and adolescents in Greece
[6,12], but there is complete lack of data regarding young
adult groups. Moreover, although there are many studies
on the health status of medical students, a target group of
particular interest as they are future physicians, these have
mostly tracked the use of alcohol and tobacco [13,14].
The occurrence of obesity and other risk factors for coro-
nary heart disease has not been extensively examined, par-
ticularly among European medical students.
The aim of this descriptive study was to assess the preva-
lence of overweight, obesity and other CVD risk factors,
namely high blood pressure and dyslipidaemia, among
University of Crete medical students. We investigated the
relationships of four different obesity indices (body mass
index, waist circumference, waist-to-hip ratio, waist-to-
height ratio) with blood pressure, glucose, serum lipids
and lipoproteins. Finally, we examined which of these in-
dices could better predict the presence of such risk factors
in this young adult group.
Methods
Subjects
The survey was carried out within the training framework
of the Clinical Nutrition class, which is presented in the
third year of the medical course in the University of Crete
School of Medicine [15]. Between the years 1989–2001,
all students registered in the third year of their studies
(21–49 men and 17–47 women per year) were invited to
participate in the study and sign appropriate consent
forms. The average annual participation rate was 98.2%
(range 95.3–100%). Eighteen students were excluded
from the analyses because of missing data on potential
confounding variables. The final sample included 989 stu-
dents (527 males, 462 females), aged 20–40 years (mean
age 22, standard deviation [SD] 2) with complete meas-
urements for all variables other than glucose. Blood glu-
cose was available for a sub-sample of 727 students (412
men, 346 women).
Questionnaires
Purpose designed questionnaires were administered to as-
certain biographical data, lifestyle behaviours on topics
including cigarette smoking and alcohol consumption,
and medical and family history of cardiovascular diseases.
In order to validate the results multiple crosschecked
questions on the same topic were addressed to the partic-
ipants. Smokers were classified as those who stated smok-
ing more than one cigarette per day for at least three
consecutive months. Ex-smokers were defined as those
who had not been smoking for the last three consecutive
months, and non-smokers as those who did not fall in any
of the two previous groups. The questionnaires remained
unchanged over the years.
Physical characteristics
A digital scale (Seca) was used to measure body weight
(BW) with an accuracy of ± 100 g. Subjects were weighed
without shoes, in their underwear. Standing body height
(BH) was measured without shoes to the nearest 0.5 cm
with the use of a commercial stadiometer with the shoul-
ders in relaxed position and arms hanging freely. Body
mass index (BMI) was calculated as BH in kilograms (kg)
divided by the square of the BH in meters (m2). Waist cir-
cumference (WC) was measured in the middle between
12th rib and iliac crest at the level of umbilicus and the
hips circumference (HC) at the fullest point around the
buttocks. WC (cm) was divided by HC (cm) and BH (m)
in order to calculate the waist-to-hip (WHpR) and waist-
to-height (WHtR) ratio respectively. Means of replicates
were used in all anthropometric measurements, which
were carried out by the same faculty members over the
years.
In order to measure blood pressure, subjects were seated
in a chair with their back supported and their arms bared
and supported at heart level. Measurement was performed
with the student not having ingested coffee or smoked for
30 minutes and after at least five minutes of rest. The ap-
propriate cuff size was used to ensure an accurate meas-
urement. Measurements were taken using a mercury
sphygmomanometer applied on the right arm of the par-
ticipants. First and fifth Korotkoff sounds were recorded
for systolic and diastolic readings respectively. Two read-
ings separated by two minutes were averaged. If they dif-
fered by more than 5 mmHg, one additional reading was
obtained and then averaged.
Biochemical analyses
Early morning ,venous blood samples were drawn for bi-
ochemical screening tests, following a 12-hour overnight
fast. The blood samples were transferred to the Nutrition-
al Research Laboratory of the University of Crete in tanks
containing ice packs so as to maintain a temperature of 3–
4°C. Blood was centrifuged and 1.5 mL aliquots were pi-
petted into plastic Eppendorf tubes. One aliquot was used
for blood analysis of triglycerides (TG), total cholesterol
(TC) and high-density lipoprotein cholesterol (HDL-C)
measurements on the same day of collection, while the
other was stored (at -80°C). TG was determined using
Fossati's method [16]. TC was determined by Allain'sBMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
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method [17]. HDL-C was measured by the heparin-man-
ganese precipitation method [18] while low-density lipo-
protein cholesterol (LDL-C) was calculated as follows:
LDL-C = TC - (HDL-C + TG/5) [19]. The ratio of TC to
HDL-C (TC:HDL-C) was calculated. Coefficients of varia-
tion for measurement error during 1989–2001 ranged be-
tween 4.3 and 12.4% for TC and HDL-C. Blood glucose
(BG) levels were measured by the exokinase method, us-
ing an auto-analyser AU-640 (Olympus Instruments).
Assignment of CVD risk factors
Based on the International Obesity Task Force [20], con-
vened by the World Health Organization, a subject with
BMI of 25.0 to 29.9 kg/m2 was defined as overweight; a
BMI ≥ 30.0 kg/m2 was defined as obese. The WC, WHpR
and WHtR measurements were used to determine the ex-
tent of central adiposity. For WC, cut-off points of ≥ 90 cm
in men and ≥ 80 cm in women were used [21]. A WHpR ≥
0.9 in men and ≥ 0.8 in women was considered to repre-
sent central obesity [21], and WHtR values of ≥ 50.0 in ei-
ther sex were adopted as cut-offs [22].
Participants were classified as having elevated blood pres-
sure if they reported taking anti-hypertensive medication
or had a systolic blood pressure (SBP) ≥ 140 mmHg or di-
astolic blood pressure (DBP) ≥ 90 mmHg. High-normal
blood pressure was defined as blood pressure ≥ 130/85 –
< 140/90 mmHg. The cut points correspond to the Sixth
Joint National Committee on High Blood Pressure criteria
for high blood pressure [23].
Dyslipidaemia was defined as TC ≥ 5.2 mmol/l (200 mg/
dl), TG ≥ 1.5 mmol/l (150 mg/dl), LDL-C ≥ 3.4 mmol/l
(130 mg/dl), and HDL-C < 0.9 mmol/l (40 mg/dl). These
cut-offs correspond to the Adult Panel Treatment III crite-
ria for borderline high TC, TG, LDL-C and low HDL-C lev-
els [24]. A TC:HDL-C ≥ 4 was also considered a adverse
serum lipid profile [25].
Impaired fasting glucose was defined as BG ≥ 6.1 mmol/l
(110 mg/dl) based on the Report of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus
[26].
Statistical analysis
Statistical analyses were performed using the Statistical
Package for Social Sciences (version 8.0, SPSS, Inc) soft-
ware. Analysis of covariance (ANCOVA) was used to ex-
amine for differences in the lipidaemic profiles of men
and women, adjusting for the year of examination. The
chi-square (χ2) test (or Fisher's exact test for 2 × 2 data ta-
bles) was used for categorical data. Although the set of
data was collected over a 13-year-period, we did not exam-
ine for time trends since the cross-sectional design of the
survey and the small number of participants per year
would preclude any definite conclusions. However, in or-
der to account for any possible time effects, the year of ex-
amination was included in all statistical analyses as an
independent variable.
The relationship between obesity and other CVD risk fac-
tor variables was first examined with univariate analyses
using obesity indices as categorical variables. Average dif-
ferences in blood pressure, glucose, serum lipids and lipo-
proteins were calculated using ANCOVA with covariates
age, sex, tobacco use and year of examination. Stepwise
linear regression techniques were applied to assess the ex-
tent to which CVD risk factors depend on the obesity in-
dices considered using the same independent variables.
Logistic regression models were applied to calculate odds
ratios (OR) for the presence of CVD risk factors after ad-
justment for age, tobacco use, and year of examination. A
level of p < 0.05 was used to indicate statistical signifi-
cance in all analyses.
Results
Prevalence of overweight, obesity, and other CVD risk fac-
tors
The fasting blood glucose levels and lipidaemic profiles of
University of Crete medical students are given in Table 1.
Men had significantly higher values of BG (p < 0.001), TG
(p < 0.001), LDL-C (p = 0.010) and TC:HDL-C (p <
0.001), and lower values of HDL-C (p < 0.001) than their
female counterparts. Table 2 presents the distribution of
obesity indices, blood pressure, blood glucose, serum lip-
ids and lipoproteins among medical students. The preva-
lence of overweight or obesity (BMI ≥ 25.0 kg/m2) was
39.5% in male and 23.3% in female students. Central
obesity levels were significantly higher in men than wom-
en, using the WC (32.6% vs. 21.9%, p < 0.001) or WHtR
(37.6% vs. 12.8%, p < 0.001) cut-offs. Forty eight percent
of men and 36.1% of women (p < 0.001, difference be-
tween the genders) had blood pressure levels ≥ 130/85
mmHg. A significantly higher percentage of males than fe-
males had high TG, LDL-C, TC:HDL-C, or low HDL-C (p
< 0.001 for all analyses). Only 10 students (8 men, 2
women) had BG levels ≥ 6.1 mmol/l (110 mg/dl).
Relationships between obesity indices and other CVD risk 
factors
The relationships between blood pressure, glucose, serum
lipids and lipoproteins, and obesity indices treated as cat-
egorical data are presented in Table 3. Across the four BMI
categories, all CVD risk factor variables except BG demon-
strated a significant increase. For WC and WHtR, subjects
above the selected cut-off points had significantly higher
values of SBP, DBP, TC, TG, LDL-C, TC:HDL-C and lower
values of HDL-C. High WHpR values were also related to
adverse serum lipid profile.BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
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Table 1: Blood glucose and lipidaemic profiles of University of Crete medical students
Men1 Women2
Mean ± S.D.3 p-value4
BG (mmol/l) 4.73 ± 0.59 4.59 ± 0.56 <0.001
TC (mmol/l) 4.65 ± 0.91 4.63 ± 0.87 NS5
TG (mmol/l) 0.83 ± 0.43 0.66 ± 0.28 <0.001
HDL-C (mmol/l) 1.19 ± 0.30 1.44 ± 0.35 <0.001
LDL-C (mmol/l) 3.01 ± 0.86 2.86 ± 0.82 0.010
TC:HDL-C 4.12 ± 1.30 3.40 ± 1.02 <0.001
1 N = 527 except for BG analysis where N = 412. 2 N = 462 except for BG analysis where N = 346. 3 Standard deviation. 4 ANCOVA (adjusting for 
the year of examination) for differences between the two genders. 5 Not significant.
Table 2: Distribution of obesity indices, blood pressure, glucose, and lipoproteins among University of Crete medical students
Men Women
N%N% p - v a l u e 1
BMI (kg/m2)
< 20.0 30 5.7 83 18.0 <0.001
20.1–24.9 289 54.8 271 58.7
25.0–29.9 181 34.4 92 19.9
≥ 30.0 27 5.1 16 3.4
WC (cm)
< 90 () – < 80 () 355 67.4 361 78.1 <0.001
≥ 90 () – ≥ 80 () 172 32.6 101 21.9
WHpR (cm/cm)
< 0.9 () – < 0.8 () 369 70.0 321 69.5 NS2
≥ 0.9 () – ≥ 0.8 () 158 30.0 141 30.5
WHtR (cm/m)
< 50.0 329 62.4 403 87.2 <0.001
≥ 5 0 . 0 1 9 8 3 7 . 65 91 2 . 8
Blood pressure (mmHg)
< 130/85 272 51.6 295 63.9 <0.001
≥ 130/85 – < 140/90 185 35.1 136 29.4
≥ 140/90 70 13.3 31 6.7
BG (mmol/l)
< 6.1 404 98.1 344 99.4 NS
≥ 6.1 8 1.9 2 0.6
TC (mmol/l)
< 5.2 390 74.0 352 76.2 NS
5.2–6.1 109 20.6 90 19.5
≥ 6.2 28 5.4 20 4.3
TG (mmol/l)
< 1.5 482 91.4 453 98.0 <0.001
≥ 1.5 45 8.6 9 2.0
HDL-C (mmol/l)
< 0.9 76 14.4 21 4.6 <0.001
≥ 0.9 451 85.6 441 95.4
LDL-C (mmol/l)
< 3.4 365 69.2 352 76.2 NS
3.4–4.0 111 21.1 79 17.1
≥ 4.1 52 9.7 31 6.7
TC:HDL-C
< 4 298 56.5 370 80.1 <0.001
≥ 4 229 43.5 92 19.9
1 Chi-square test (Fisher's exact test where appropriate) for differences between the genders.2 Not significant.BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
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Prediction of CVD risk factors using obesity indices
The linear regression analyses showed that BMI was the
best obesity index predicting SBP and DBP in male stu-
dents (Table 4). The percentage of the variance of these
two measurements explained was <5%. WC was also a sig-
nificant, though not powerful, determinant of SBP. WHtR
could better predict most of the serum lipoproteins, ex-
plaining 6.2% of TC, 10.6% of TG, 4.2% of LDL-C and
7.3% of TC:HDL-C variance. WHpR was a significant de-
terminant of HDL-C. The same analyses within the female
sample showed also that BMI was the most important pre-
dictor of blood pressure, explaining 11.9% of the SBP and
8.4% of the DBP variance (Table 5). WHtR could better
predict LDL-C levels, and WC was the most important de-
terminant of TG, HDL-C and TC:HDL-C, predicting 7.9,
7.6 and 10% of their variance respectively. In both gen-
ders, none of the obesity indices could significantly pre-
dict BG levels.
Using the odds ratios for the prediction of the presence of
CVD risk factors, subjects above the selected cut-offs had
higher risk for high blood pressure and dyslipidaemia (Ta-
ble 6). Men with WHtR ≥ 50 had the highest risk for ele-
vated TC (OR 2.26) and LDL-C (OR 1.83). Those with
WHpR ≥ 0.9 had significantly higher risk for TG ≥ 1.5
mmol/l (OR 2.51), HDL-C < 0.9 mmol/l (OR 2.03), and
TC:HDL-C ≥ 4 (2.78). Women with WHtR ≥ 50 had the
highest odds for high DBP (OR 2.33) and LDL-C (OR
2.60), and TC:HDL-C ≥ 4 (OR 5.30). The risk for low
HDL-C was significantly higher in female students with
WHpR  ≥ 0.8. Nevertheless, the odds ratios among the
obesity indices differed only slightly and their 95% confi-
dence intervals overlapped.
Discussion
In our survey, a relatively high proportion of University of
Crete medical students were overweight (25 ≤ BMI < 30
kg/m2) or obese (BMI ≥ 30 kg/m2) (27.6 and 4.3%, re-
spectively). Although the range of definitions complicates
comparisons with other studies of young adults or medi-
cal students, these percentages are among the highest re-
ported in literature. A recent study in Slovakia showed
that 16% of male but only 2% of female medical students
had a BMI > 25.0 kg/m2 [27]. In a study of male medical
students in the US, nearly one-fifth of the subjects had a
BMI > 24.7 kg/m2 and a further 30% were classified as
overweight with BMI 22.8–24.7 kg/m2 [28]. Another sur-
vey at Louisiana State University during 1987–1992
showed that 37% of males and 9% of females were over-
weight [29]. Two percent of men but no women had BMI
≥ 30 kg/m2. The self-reported prevalence of overweight
among New Jersey medical students was 35.8% [30]. A
study conducted among 154 medical students in South
Africa reported rates of overweight and obesity that were
Table 3: Relationship between obesity indices and CVD risk factor variables in University of Crete medical students
SBP 
(mmHg)
DBP 
(mmHg)
BG
 (mmol/l)
TC 
(mmol/l)
TG 
(mmol/l)
HDL-C 
(mmol/l)
LDL-C 
(mmol/l)
TC:HDL-C
Obesity index N1 Mean ± S.E.2
BMI (kg/m2)
< 20.0 113 112 ± 1.2 75 ± 1.0 4.50 ± 0.06 4.56 ± 0.09 0.70 ± 0.04 1.36 ± 0.04 2.83 ± 0.09 3.56 ± 0.13
20.0–24.9 560 117 ± 0.5 76 ± 0.4 4.63 ± 0.03 4.57 ± 0.04 0.71 ± 0.02 1.30 ± 0.02 2.87 ± 0.04 3.66 ± 0.05
25.0–29.9 273 121 ± 0.8 79 ± 0.6 4.67 ± 0.04 4.74 ± 0.06 0.80 ± 0.02 1.24 ± 0.02 3.08 ± 0.06 4.07 ± 0.08
≥ 30.0 43 123 ± 1.9 82 ± 1.5 4.77 ± 0.10 4.89 ± 0.15 1.06 ± 0.06 1.25 ± 0.06 3.05 ± 0.15 4.17 ± 0.21
p-value3 <0.001 <0.001 NS4 <0.001 <0.001 0.010 0.018 <0.001
WC (cm)
< 905 – 806 716 116 ± 0.6 76 ± 0.4 4.58 ± 0.03 4.56 ± 0.04 0.69 ± 0.02 1.36 ± 0.02 2.84 ± 0.04 3.54 ± 0.05
≥ 90 – 80 273 120 ± 0.9 79 ± 0.6 4.64 ± 0.04 4.74 ± 0.06 0.89 ± 0.03 1.19 ± 0.02 3.05 ± 0.06 4.13 ± 0.08
p-value7 <0.001 <0.001 NS 0.011 <0.001 <0.001 0.002 <0.001
WHpR (cm/cm)
< 0.95 – 0.86 690 117 ± 0.6 77 ± 0.4 4.59 ± 0.03 4.58 ± 0.04 0.69 ± 0.02 1.34 ± 0.02 2.88 ± 0.04 3.61 ± 0.06
≥ 0.9 – 0.8 299 119 ± 0.9 78 ± 0.7 4.68 ± 0.04 4.76 ± 0.07 0.88 ± 0.03 1.21 ± 0.03 3.09 ± 0.06 4.21 ± 0.09
p-value7 NS NS NS 0.019 <0.001 <0.001 0.003 <0.001
WHtR (cm/m)
< 50.0 732 117 ± 0.5 76 ± 0.4 4.59 ± 0.03 4.54 ± 0.04 0.69 ± 0.02 1.34 ± 0.01 2.83 ± 0.04 3.57 ± 0.05
≥ 50.0 257 129 ± 0.9 79 ± 0.7 4.64 ± 0.04 4.81 ± 0.07 0.88 ± 0.03 1.25 ± 0.02 3.09 ± 0.06 4.12 ± 0.08
p-value3 0.022 0.001 NS <0.001 <0.001 <0.001 0.001 <0.001
1 For BG the sample sizes are: N = 79, N = 408, N = 210, and N = 30 respectively for the BMI categories; N = 527 and N = 200 for the WC cate-
gories; N = 508 and N = 219 for the WHpR categories; N = 532 and N = 195 for the WHtR categories. 2 Standard error of the mean. 3 F-statistic 
from ANCOVA including age, sex, tobacco use, and the year of examination as covariates. 4 Not significant. 5 Male-specific cut-off value. 6 Female-
specific cut-off value. 7 F-statistic from ANCOVA including age, tobacco use, and the year of examination as coviariates.BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
Page 6 of 9
(page number not for citation purposes)
Table 4: Regression analysis of blood pressure, glucose, and lipoproteins on obesity indices in male students1
Dependant 
variable2
obesity indices beta adjusted R2 t-statistic p-value
SBP BMI 0.266 0.048 3.3 0.001
WC 0.485 0.025 3.6 <0.001
DBP BMI 0.215 0.049 4.5 <0.001
BG __ __ __ __ __
TC WHtR 0.217 0.062 4.3 <0.001
TG WHtR 0.263 0.106 5.5 <0.001
LDL-C WHtR 0.180 0.042 3.4 0.001
HDL-C WHpR -0.255 0.045 -5.1 <0.001
TC:HDL-C WHtR 0.244 0.073 4.7 <0.001
1 N = 527 except for BG analysis where N = 412. 2 All four obesity indices, age, tobacco use and the year of examination were initially included in 
all regression models.
Table 5: Regression analysis of blood pressure, glucose, and lipoproteins on obesity indices in female students1
Dependant 
variable2
obesity indices beta adjusted R2 t-statistic p-value
SBP BMI 0.346 0.119 6.6 <0.001
DBP BMI 0.288 0.084 5.3 <0.001
BG __ __ __ __ __
TC __ __ __ __ __
TG WC 0.285 0.079 5.5 <0.001
LDL-C WHtR 0.161 0.023 3.0 0.003
HDL-C WC -0.270 0.076 -5.2 <0.001
TC:HDL-C WC 0.312 0.100 6.1 <0.001
1 N = 462 except for BG analysis where N = 346. 2 All four obesity indices, age, tobacco use and the year of examination were initially included in 
all regression models.
Table 6: Risk for the presence of hypertension and dyslipidaemia according to the obesity status
Odds ratios (95% confidence interval)
Men (n = 527)1 BMI ≥ 30 kg/m2 WC ≥ 90 cm WHpR ≥ 0.9 WHtR ≥ 50
SBP ≥ 130 mmHg 1.81 (0.64–5.10) 1.24 (0.69–2.23) 1.62 (0.87–3.02) 1.37 (0.77–2.43)
DBP ≥ 85 mmHg 2.73 (1.13–6.59)2 1.38 (0.84–2.27) 1.11 (0.66–1.87) 1.46 (0.90–2.37)
TC ≥ 5.2 mmol/l 2.01 (0.80–5.05) 1.91 (1.18–3.10)3 1.70 (1.01–2.84)2 2.26 (1.40–3.67)4
TG ≥ 1.5 mmol/l 2.62 (0.80–8.64) 1.80 (0.83–3.92) 2.51 (1.11–5.69)2 1.72 (0.78–3.80)
LDL-C ≥ 3.4 mmol/l 1.46 (0.55–6.04) 1.67 (1.04–2.70)2 1.80 (1.09–2.98)2 1.83 (1.14–2.94)2
HDL-C < 0.9 mmol/l 2.39 (0.94–6.04) 1.61 (1.00–2.58)2 2.03 (1.23–3.35)3 1.34 (0.84–2.14)
TC:HDL-C ≥ 4 2.36 (0.86–6.47) 2.16 (1.38–3.39)4 2.78 (1.69–4.57)4 2.09 (1.35–3.26)3
Women (n = 462)1 BMI ≥ 30 kg/m2 WC ≥ 80 cm WHpR ≥ 0.8 WHtR ≥ 50
SBP ≥ 130 mmHg 2.98 (0.34–26.12) 0.87 (0.17–4.33) 1.16 (0.27–4.98) 0.71 (0.09–6.00)
DBP ≥ 85 mmHg 3.15 (0.89–11.13) 1.77 (0.92–3.41) 1.26 (0.65–2.41) 2.33 (1.09–4.96)2
TC ≥ 5.2 mmol/l 1.34 (0.35–5.16) 1.49 (0.83–2.68) 0.98 (0.56–1.72) 1.53 (0.75–3.12)
TG ≥ 1.5 mmol/l 0.01 (0.00–1.53) 3.80 (0.51–28.13) 3.44 (0.57–20.67) 7.19 (0.95–54.49)
LDL-C ≥ 3.4 mmol/l 2.35 (0.66–8.42) 1.97 (1.12–3.47)2 1.32 (0.77–2.26) 2.60 (1.33–5.07)3
HDL-C < 0.9 mmol/l 2.77 (0.54–14.26) 1.98 (0.91–4.29) 3.33 (1.63–6.79)4 2.83 (1.19–6.73)2
TC:HDL-C ≥ 4 3.67 (0.99–13.67) 4.21 (2.35–7.55)4 3.71 (2.14–6.41)4 5.30 (2.66–10.58)4
1 Logistic regression models including age, tobacco use, and the year of examination as independent variables. 2 p < 0.05, 3 p < 0.01, 4 p < 0.001BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
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8.9% and 2.5% respectively for Indian and 19.7% and
4.6% for black students [25]. Overweight or obesity
among black female medical and nursing students was
found to be 30.6% [31].
Central obesity levels among medical students varied
widely according to the anthropometric index used – a
common problem found in similar surveys, as no consen-
sus about the appropriateness of the different obesity in-
dices or cut-off points has been reached [32,33]. We
adopted the WC and WHpR cut-offs proposed by Dobbel-
steyn et al [21] for Caucasian populations. With regard to
WHtR, no established cut-offs exist to this point and our
selection was based on the findings of Ko et al who pro-
vided evidence of WHtR ≥ 50 being the most appropriate
cut-off for the risk of presence of CVD risk factors in both
sexes [22]. Despite the differences in the observed obesity
rates obtained using the different indices, it can be seen
that a considerable proportion of medical students were
characterized by central fat distribution, about 33.4% of
men (this being the average percentage corresponding to
WC ≥ 90 cm, WHpR ≥ 0.9 and WHtR ≥ 50.0) and 21.7%
of women (the respective percentage in women using cut-
offs of WC ≥ 80 cm, WHpR ≥ 0.8, WHtR ≥ 50.0).
A striking finding of our study was the high prevalence of
major CVD risk factors, notably high blood pressure and
adverse lipid profile, among University of Crete medical
students. The rates of hypertension and dyslipidaemia re-
ported here appear to be much higher than corresponding
results of other surveys involving medical students. A
study performed among black and Indian medical stu-
dents in South Africa disclosed rates of high blood pres-
sure (≥ 140/90 mmHg) of 2.5 and 4.2% respectively [25].
Hypercholesterolaemia (TC ≥ 5.2 mmo/l) and high LDL-
C (≥ 3.9 mmol/l) was present in 19.4 and 16.9% respec-
tively for Indian students, and 7.3 and 8.9% for black stu-
dents. New Jersey medical students reported high DBP,
SBP and TC levels at percentages of 4.2, 3.5 and 21.3% re-
spectively [30]. A survey conducted among medical stu-
dents at Louisiana State University between 1988 and
1992 reported rates of high SBP that were 4% for both
men and women [29]. Eleven percent of women and 4%
of men had DBP > 90 mmHg. The prevalence of high TC
during 1991–92 was 18% for men and 31% for women
[29]. Another study among University of California – San
Diego medical students during 1986–1989 reported that
6.6% of them had LDL-C ≥ 150 mg/dL (3.9 mmol/l), 20%
had TC > 200 mg/dL (5.2 mmol/l) and only 8.7% had
high SBP or DBP [34]. A large cross-sectional survey
among first-year medical students in the UK between
1948 and 1968 reported rates of elevated blood pressure
that were somewhat higher than those in our study. The
authors found that 29.9% of the males had high-normal
blood pressure (≥ 130/85 and < 140/90 mmHg) and an-
other 32.0% were hypertensive. The respective percentag-
es for females were 21.8 and 16.9% [35].
Assessing the risk for the presence of major CVD risk fac-
tors in young adults is of particular importance, since it
would allow us to promptly identify persons at high risk
for development of clinical CVD later in life. In this con-
text, obesity indices such as BMI, WC, WHpR and WHtR
are all considered useful non-invasive anthropometric
measurements to provide information on cardiovascular
risks. The results of the univariate analysis showed that all
four indices were related to higher levels of CVD risk fac-
tor variables except for glucose, where no significant asso-
ciations were observed. One likely explanation for the
glucose – obesity index relationships not reaching the 5%
level of statistical significance is that our subjects were
young adults aged 22 ± 2 years with relatively low BG lev-
els (median 4.6 mmol/l [84 mg/dl] with only 10 subjects
having BG ≥ 6.1 mmol/l), compared to the ranges found
in older adults [36,37]. Another explanation is that as the
glucose measurements were available only for a sub-sam-
ple of the students. Although the sub-sample with BG
measurements was random, any statistical inferences have
the inherent limitations of analyses involving sub-sam-
ples. Nevertheless, and with regard to other CVD risk fac-
tor variables, our findings are in agreement with several
studies performed on large cross-sectional samples
[21,38] but also young adult groups [39,40]. There is lack
of consistency, however, in the selection of the most use-
ful anthropometric indicators for prediction of CVD risk
factors [32], particularly for young adult populations.
In our sample of medical students, aged 20–40 years, both
linear and logistic regression analyses disclosed that BMI
was a better predictor of elevated blood pressure. Similar
results have been reported elsewhere [41,42] and evidence
suggests that central obesity indices (such as WC) contrib-
ute only slightly to be predictive value of BMI [43]. Our re-
sults couple also with those of the Bogalusa Heart Study,
where none of the WC, WHpR or WHtR measurements
predicted the blood pressure levels of young adults in
multivariate models [44]. Nonetheless, there are many
studies with different conclusions [21,22,45].
Central obesity indices were mostly correlated with ad-
verse serum lipids and lipoproteins. Several studies con-
clude that WC might be a superior index predicting the
presence of central adiposity and dyslipidaemia
[21,46,47]. We found that WC was a strong indicator for
abnormal lipid profile within the female sample of medi-
cal students, whereas WHtR could better identify men
with dyslipidaemia. The latter finding has also been re-
ported by Ko et al, although their study involved Hong
Kong Chinese adults aged 37 ± 9 years [22]. In both gen-
ders, the obesity indices could only explain between 2.3%BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
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and 11.9% of the variance of the CVD risk factor variables.
These low percentages are probably a result of the multi-
factorial nature of these CVD risk factors.
Conclusions
The main findings of this study are summarized as fol-
lows: a) a substantial proportion of young Greek medical
students were overweight or obese, b) obese students had
higher levels of major CVD risk factor variables, namely
blood pressure, serum lipids and lipoproteins, and c) BMI
was found to be a useful index for the prediction of high
blood pressure; WC in women and WHtR in men were
also strong indicators for abnormal serum lipids and lipo-
proteins.
Our results highlight the necessity to institute effective
prevention and health promotion programs in Greece tar-
geting at young age groups. In view of the fact that medical
students are not representative of the general population,
studies should be extended to the Greek adult population
and investigate the presence of obesity and major CVD
risk factors and their trends over time.
Competing interests
None declared.
Authors' contributions
GB performed physical measurements, collected data, and
drafted the manuscript. IM performed physical measure-
ments, collected data, and reviewed the manuscript. ML
carried out the statistical analysis and participated in data
collection. AK conceived of the study and participated in
its design, and also performed physical measurements. All
authors read and approved the final manuscript.
Acknowledgements
We would like to acknowledge Joanna Moschandreas and Sofia Flouri for 
their valuable assistance on manuscript preparation.
References
1.  WHO World Health Organization. Obesity epidemic puts
millions at risk from related diseases. Press Release WHO/46 (On-
line) June 12 1997
2. James P, Leach R, Kalamara E and Shayeghi M The Worldwide
obesity epidemic. Section I: Obesity, the major health issue
of the 21st century. Obes Res 2001, 9:S228-S233
3. Visscher T and Seidell J The public health impact of obesity. Annu
Rev Public 2001, 22:355-375
4. Kromhout D Epidemiology of cardiovascular diseases in Eu-
rope. Public Health Nutr 2001, 4:441-457
5. Chimonas ET The treatment of coronary heart disease: An up-
date. Part 2: Mortality trends and main causes of death in the
Greek population. Curr Med Res Op 2001, 17:27-33
6. Mamalakis G and Kafatos A Prevalence of obesity in Greece. Int
J Obes Relat Metab Disord 1996, 20:488-492
7. Kafatos A, Diacatou A, Voukiklaris G, Nikolakakis N, Vlachonikolis J,
Kounali D, Mamalakis G and Dontas A Heart disease risk-factor
status and dietary changes in the Cretan population over the
past 30 y: the Seven Countries Study.  Am J Clin Nutr 1997,
65:1882-1886
8. James P The dietary challenge for the European Union. Public
Health Nutr 2001, 4:341-351
9. Serdula M, Ivery D, Coates R, Freedman D, Williamson D and Byers
T Do obese children become obese adults? A review of the
literature. Prev Med 1993, 22:167-177
10. Whitaker R, Wright J and Pepe M Predicting obesity in young
adulthood from childhood and parental obesity. NEJM 1997,
337:869-873
11. Campbell P, Katzmarzyk P, Malina R, Rao D, Perusse L and Bouchard
C Stability of adiposity phenotypes from childhood and ado-
lescence into young adulthood with contribution of parental
measures. Obes Res 2001, 9:394-400
12. Krassas G, Tzotzas T, Tsametis C and Konstantinidis T Prevalence
and trends in overweight and obesity among children and ad-
olescents in Thessaloniki, Greece.  J Pediatr Endocrinol Metab
2001, 14:1319-1326
13. Webb E, Ashton C, Kelly P and Kamah F Alcohol and drug use in
UK university students. Lancet 1996, 348:922-925
14. Richmond R Teaching medical students about tobacco. Thorax
1999, 54:70-78
15. Labadarios D and Kafatos A Teaching of Clinical Nutrition at the
University of Crete, School of Medicine, Greece.  Nutrition
1991, 7:61-63
16. Fossati P and Prencipe L Serum triglycerides determined color-
imetrically with an enzyme that produces hydrogen perox-
ide. Clin Chem 1982, 28:2077-2080
17. Allain C, Poon L, Chan C, Richmond W and Fu P Enzymatic deter-
mination of total serum cholesterol. Clin Chem 1974, 20:470-
475
18. Finley P, Schifman R, Williams R and Lichti D Cholesterol in high-
density lipoprotein: Use of Mg2+/dextran sulfate in its enzy-
matic measurement. Clin Chem 1978, 24:931
19. Friedewald W, Levy R and Fredrickson D Estimation of the con-
centration of low density lipoprotein cholesterol in plasma
with use of the preparative ultacentrifuge. Clin Chem 1972,
18:499-502
20.  WHO World Health Organization. Obesity: preventing and
managing the global epidemic. WHO/NUT/98.1. Geneva, Switzer-
land: World Health Organization 1998, 
21. Dobbelsteyn C, Joffres M, MacLean D, Flowerdew G and  and the Ca-
nadian Heart Health Surveys Research Group A comparative eval-
uation of waist circumference, waist-to-hip ratio and body
mass index as indicators of cardiovascular risk factors. The
Canadian Heart Health Surveys. Int J Obes Relat Metab Disord
2001, 25:652-661
22. Ko G, Chan J, Cockram C and Woo J Prediction of hypertension,
diabetes, dyslipidaemia or albuminuria using simple anthro-
pometric indexes in Hong Kong Chinese. Int J Obes Relat Metab
Disord 1999, 23:1136-1142
23. The sixth report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure. Arch Intern Med 1997, 157:2413-2446
24. Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive Summary of the
Third Report of the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Aduts (Adult Treat-
ment Panel III). JAMA 2001, 285:2486-2497
25. Morar N, Seedat YK, Naidoo DP and Desai DK Ambulatory blood
pressure and risk factors for coronary heart disease in black
and Indian medical students. J Cardiovasc Risk 1998, 5:313-8
26. Report of the Expert Committee on the Diagnosis and Clas-
sification of Diabetes Mellitus. Diabetes Care 1997, 20:1183-1197
27. Baska T, Straka S and Mad' ar R Smoking and some life-style
changes in medical students – Slovakia, 1995–1999. Cent Eur J
Public Health 2001, 9:147-149
28. Gelber C, Hochberg C, Mead A, Wang N-Y, Wigley M and Klag J
Body mass index in young men and the risk of subsequent
knee and hip osteoarthritis. Am J Med 1999, 107:542-548
29. Farris R, Strada R, Wolf T and Suskind R Nutrient intake and car-
diovascular risk factors of first-year medical students. J Vasc
Med Biol 1994, 5:138-143
30. Najem GR, Passannante MR and Foster JD Health risk factors and
health promoting behavior of medical, dental and nursing
students. J Clin Epidemiol 1995, 48:841-9
31. Rasheed P, Abou-Hozaifa B and Khan A Obesity among young
Saudi female adults: a prevalence study on medical and nurs-
ing students. Public Health 1994, 108:289-294Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2003, 3 http://www.biomedcentral.com/1471-2458/3/3
Page 9 of 9
(page number not for citation purposes)
32. Molarius A and Seidell J Selection of anthropometric indicators
for classification of abdominal fatness – a critical review. Int J
Obes Relat Metab Disord 1998, 22:719-727
33. Kuczmarski R, Carroll M, Flegal K and Troiano R Varying body
mass index cutoff points to describe overweight prevalence
among US adults: NHANES III (1988 to 1994). Obes Res 1997,
5:542-548
34. Kashani I, Kaplan RM, Criqui MH, Nader PR, Rupp JW, Sallis JF, Dims-
dale J, Langer RD, Bracker M and Ries AL Cardiovascular risk fac-
tor assessment of medical students as an educational tool.
Am J Prev Med 1992, 8:384-388
35. McCarron P, Okasha M, McEwen J and Smith G Changes in blood
pressure among students attending Glasqow University be-
tween 1948 and 1968: analyses of cross sectional surveys. BMJ
2001, 322:885-888
36. Harlan LC, Harlan WR, Landis JR and Goldstein NG Factors asso-
ciated with glucose tolerance in adults in the United States.
Am J Epidemiol 1987, 126:674-684
37. Dzien A, Dzien-Bischinger C and Lechleitner M Fasting glucose
and increasing age. Diabetes Obes Metab 2001, 3:297-298
38. Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obar-
zanek E, Ernst ND and Horan M Body mass index and the prev-
alence of hypertension and dyslipidaemia.  Obes Res 2000,
8:605-619
39. Ding Y-A, Chu N-F, Wang T-W and Lin C-C Anthropometry and
lipoproteins-related characteristics of young adlut males in
Taiwan. Int J Obes Relat Metab Disord 1995, 19:392-396
40. Wattigney W, Harsha D, Srinivasan S, Webber L and Berenson G In-
creasing impact of obesity on serum lipids and lipoproteins
in young adults: the Bogalusa Heart Study. Arch Intern Med
1991, 151:2017-2022
41. Haffner S Obesity and the metabolic syndrome: the San An-
tonio Heart Study. Br J Nutr 2000, 83:S67-S70
42. Berber A, Gomez-Santos R, Fanghanel G and Sanchez-Reyes L An-
thropometric indexes in the prediction of type 2 diabetes
mellitus, hypertension and dyslipidaemia in a Mexican popu-
lation. Int J Obes Relat Metab Disord 2001, 25:1794-1799
43. Iwao S, Iwao N, Muller DC, Elahi D, Shimokata H and Andres R Does
waist circumference add to the predictive power of the body
mass index for coronary risk? Obes Res 2001, 9:685
44. Gustat J, Elkasabany A, Srinivasan S and Berenson G Relation of ab-
dominal height to cardiovascular risk factors in young adults:
the Bogalusa Heart Study. Am J Epidemiol 2000, 151:885-891
45. Harris M, Stevens J, Thomas N, Schreiner P and AR F Associations
of fat distribution and obesity with hypertension in a bi-eth-
nic population: the ARIC Study. Obes Res 2000, 8:516-524
46. Seidell JC, Cigolini M, Charzewska J, Ellsinger B, Deslypere J and Cruz
A Fat distribution in European men: a comparison of anthro-
pometric measurements in relation to cardiovascular risk
factors. Int J Obes Relat Metab Disord 1992, 16:
47. Pouliot M, Despres J and Lemieux S Waist circumference and ab-
dominal sagittal diameter: best simple anthropometric in-
dexes of abdominal visceral adipose tissue accumulation and
related cardiovascular risk in men and women. Am J Cardiol
1994, 73:460-468
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/3/3/prepub